Exposure evaluation is an essential facet in the assessment of the risks of exposure to toxic materials in the workplace. Presently, samples from the breath ing atmosphere are measured in order to determine the level of individual ex posure to toxic substances. This method, however, does not take into account the level of physical exertion during exposure. Physical activity is known to in crease pulmonary ventilation by up to 10 times that of the level at rest. Thus, measurement of pulmonary ventilation, as well as the concentration of a toxic material in the air would provide valuable data in evaluating exposure. We have developed a device that measures and records the concentration of a toxic mate rial in the air and pulmonary ventilation as predicted by heart rate both simulta neously and continuously. In this system, real time pulmonary ventilation is pre dicted from heart rate by using a regression equation that was obtained from the results of our study. The percentage error of predicted pulmonary ventilation at each heart rate is within 30%. The present study assessed the feasibility of the use of heart rate as the predictor of pulmonary ventilation. Our new exposure monitoring system is the first practical device that monitors the level of exposure dependent upon pulmonary ventilation and will be useful in the revaluation of threshold limit values (TLV's) and in working management.
Heart rate sensor: Vitrode G-80 electrodes manufactured by (Nihon Kohden Corp.) are used. The mean R-R interval in a 30-second ECG recording is used as the heart rate.
Physical activity rate meter (accelerometer): An accelerometer (MT-3; Nihon Kohden Corp.) that detects changes in intensity or form of work is used to measure the physical activity rate.
Thermo sensor (for body temperature and ambient temperature): Ambient tem perature sensors provides additional ambient data on the workers. Body temperature sensors detects changes in the body's thermal response to the environment.
(2) Data-logger: A data-logger is used to digitize the analog data from the sensors and to record the data on the IC card. The data logger was attached to each worker by a special belt. The specifications are shown in Table 1 . The measuring time, ID number, measuring channel and measuring interval could be input from a keyboard on the upper panel. Abnormal inputs and low battery levels during measurement are Table 1 Specifications of Data-Logger indicated by an audible alarm. This unit also has a "pause" function and a "marker" function, the latter function allowing for marking of significant changes in work activity by the worker himself (Fig. 2) . (6) Software: The software consist of N88 BASIC. This is used to process the data recorded on the IC card. It was programmed to predict pulmonary ventilation from heart rate. When the individual data is input, pulmonary ventilation is calculated at each point of measurement. The software also includes three graphic functions that plots serial changes for each value. The time axis is arbitrary for these graphs (Fig. 3) .
Prediction of pulmonary ventilation from heart rate It is possible to direct measure pulmonary ventilation by using a heat ray flow meter with mask, but this procedure burdens the worker and may not reflect the true intensity of work.10 Another method for measuring pulmonary ventilation is prediction from thoracic movement,11-13 but this method is not appropriate for moving subjects. and pulmonary ventilation were measured by using three types of exercise: running on a treadmill, exercising on an ergometer, and lifting a heavy object (5 kg weight).
Exercise on the treadmill and ergometer was gradually increased under controlled con ditions to achieve stability at each heart rate level. In the lifting of a weight, the subjects repeated a single motion, that of lifting a heavy object from the floor to their waist and then setting it down again. Heart rate and pulmonary ventilation were measured by using a microcomputer -based respiratory analyzer (Aerobic Processor; NEC-SANEI, Japan).
Study 2: The subjects were 34 healthy male adults (Age: mean 30.4y/o, range 21-52. Height: 168.3cm, 162-184. Weight: 63.4kg, 52-86).
Heart rate and pul monary ventilation were measured during gradually increased exercises similar to those in Study 1 on the treadmill. A SAS statistics package was used for preliminary statisti cal processing prior to predicting pulmonary ventilation from heart rate.
Results and Discussion
Study 1: The Table 2 shows the relationships between heart rate and pulmonary ventilation during exercise on the ergometer for each of the 12 subjects. Correlation of the individual coefficients between heart rate and pulmonary ventilation was high, but the inter-individual regressions showed considerable differences, suggesting that correction for individual characteristics would yield better prediction results.
The relationship between pulmonary ventilation and heart rate during various exercises is shown in Fig. 4 . It has been reported that during submaximal exercise no significant difference is observed between bicycle ergometry and treadmill running on the relationship of heart rate and pulmonary ventilation at any level of oxygen con sumption. 18, 19 There have been other reports, though, in which slightly higher values for heart rate and pulmonary ventilation during bicycle exercise have been obtained. 20, 21 Similarly, at a submaximal work level, no important differences were found between the effects of leg exercise and of arm exercise in either a sitting or standing body posi tion on heart rate and pulmonary ventilation. 22 Our results are in agreement with these reports. The differences in pulmonary ventilation due to exercise at each heart rate level observed in our experiment are 10% to 20% in most cases. These results indicated that prediction of pulmonary ventilation from heart rate is possible when individual characteristics are taken into account. Also from the above results, exercise at the workplace was represented by exercise on a treadmill in our study. 
